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57 ABSTRACT 
A monolithically integrated optical filter which is rap 
idly tunable over a wide optical frequency range in 
cludes an input frequency router connected to an output 
frequency router by means of selectively activatable 
transceivers. The transceivers are formed from opti 
cally active sections and electronic controllers that 
selectively modulate, demodulate and amplify a desired 
one or more of a plurality of multiplexed input optical 
frequencies. This filter is economical to construct and is 
useful in high capacity, high speed optical communica 
tions networks. 

9 Claims, 2 Drawing Sheets 
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OPTICAL FILTER HAVING INTEGRATED 
TRANSCEIVERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to Application Ser. No. 
19,961 of Bernard Glance and Robert Wilson, entitled 
“Rapidly Tunable Integrated Optical Filter,' filed in 
the Patent and Trademark Office on Feb. 19, 1993. 
This application is related to Application Ser. No. 

19,957 of Bernard Glance and Robert Wilson, entitled 
"Rapidly Tunable Wideband Integrated Optical Fil 
ter,' filed in the Patent and Trademark Office on Feb. 
19, 1993. 
This application is related to Application Ser. No. 

19,952 of Corrado Dragone and Ivan Kaminow, enti 
tled "Rapidly Tunable Integrated Laser,' filed in the 
Patent and Trademark Office on Feb. 19, 1993, now 
U.S. Pat. No. 5,373,517. 
This application is related to Application Ser. No. 

19,951 of Bernard Glance and Robert Wilson, entitled 
"Rapidly Tunable Wideband Integrated Laser,' filed in 
the Patent and Trademark Office on Feb. 19, 1993, now 
U.S. Pat. No. 5,373,516. 
This application is related to Application Ser. No. 

08/152,511 of Corrado Dragone, Ivan P. Kaminow and 
Mark E. Kuznetsov entitled “Tunable Optical Wave 
guide Grating Arrangement' filed in the Patent and 
Trademark Office on the same day this application is 
being filed. 

This application is related to Application Ser. No. 
138,659 of Bernard Glance and Robert Wilson, entitled 
"Optical Passband Filter,' filed in the Patent and 
Trademark Office on Oct. 18, 1993. 

This application is related to application Ser. No. 
Zirngibl 4 of Martin Zirngibl entitled "High-Power, 
Single-Frequency Tunable Laser,' filed in the Patent 
and Trademark Office on Oct. 13, 1993. 

TECHNICAL FIELD 

This invention relates to optical communications 
systems. More particularly, this invention relates to 
integrated optical filters used in optical communications 
systems. 

BACKGROUND 

The capacity and speed of communications systems 
may be increased by transmitting information in optical 
form over networks composed of optically transmissive 
nodes, fibers, waveguides, and the like. High capacity 
optical communications systems require that many opti 
cal signals be frequency division multiplexed in the 
components of an optical network. Receivers must be 
configured such that a desired optical frequency may be 
retrieved from a group of many multiplexed optical 
frequencies. This necessitates the provision of suitable 
optical filters which separate and modulate desired 
optical frequencies from a frequency division multi 
plexed plurality of optical frequencies while also selec 
tively modulating, demodulating, and amplifying se 
lected ones of the demultiplexes optical frequencies. 
Until now, there has been no convenient approach to 
filtering unwanted optical frequencies from desired 
optical frequencies. The performance of prior tunable 
optical filters, based on electro-mechanical, electro-op 
tic, acousto-optic, and magneto-optic effects, have been 
limited in terms of tuning speed, frequency selectivity, 
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or tuning range. All of these prior devices also have 
been expensive to implement. 

SUMMARY 

In accordance with this invention, a rapidly tunable 
optical filter having integrated transceivers has been 
developed. The optical filter in accordance with this 
invention may be based upon photonic integrated cir 
cuitry which can provide a great deal of frequency 
selectivity and a wide tuning range which can be real 
ized at a cost lower than that associated with imple 
menting prior optical filters. 

In one example of the invention, Applicants have 
employed integrated optical multiplexers and demulti 
plexers disclosed, for example, in U.S. Pat. Nos. 
5,002,350 and 5,136,671 to create a monolithic fast opti 
cal filter having a wide tuning range. In specific terms, 
this example of the invention comprises two identical 
1XN frequency routing devices with their frequency 
selective ports interconnected. Each path connecting 
the two devices contains an active section that forms 
part of a transceiver. The transceiver, which includes 
the active section and an electronic controller coupled 
thereto, selectively modulates, demodulates, and ampli 
fies predetermined ones of the optical frequencies 
demultiplexes by the first frequency routing device. 
This is only an example of the invention. The full 

scope of the invention entitled to an exclusionary right 
is set forth in the claims at the end of this application. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of an example of the tunable 

optical filter having integrated transceivers in accor 
dance with this invention. 
FIG. 2 is a diagram illustrating the details of the 

frequency routing devices shown in FIG. 1. 
DETALED DESCRIPTION 

FIG. 1 shows an example of an optical filter which 
serves as a modulator, demodulator and an amplifier of 
optical frequencies. It is composed of frequency routing 
devices, waveguides, and transceivers. These structures 
may be monolithically integrated on a semiconductive 
wafer. They may be created by means of known photo 
lithographic techniques. 
FIG. 1 illustrates a wafer 10 made of a semiconduc 

tive material such as an indium phosphide based mate 
rial such as InGaAsP. A first input frequency routing 
device 12 is defined on the wafer 10. The frequency 
routing device 12 may receive N multiplexed input 
optical frequencies F1, F2, . . . , FN on a single input 
waveguide 14 defined on the wafer 10. The first fre 
quency routing device 12 demultiplexes the input opti 
cal frequencies and directs each one of those frequen 
cies into a separate output waveguide connected to the 
output of the frequency routing device 12. Specifically, 
frequency F1 is directed to the output waveguide 161, 
frequency F2 is directed to the output waveguide 162, 
and so on up to frequency FN which is directed to out 
put waveguide 16N. Each of the output waveguides 161, 
162, ... 16N is directed to the input of a doped or active 
section of waveguide which serves as the optical com 
ponent of a controllable transceiver. 
Each controllable transceiver includes a doped or 

active section 181, 182, ..., 18N of the waveguide and 
an electronic controller 261, 262, . . . , 26N respectively 
coupled thereto. The doping employed to form each 
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doped section of the transceiver may be such that a 
suitable semiconductor junction is created. By properly 
biasing the doped sections with the application of elec 
trical energy from the electronic controllers these 
doped sections may be employed as modulator, demod 
ulators and amplifiers of the optical signals flowing 
through them. 
For example, the active sections of waveguide act as 

photodiodes when a reverse bias or no bias is applied to 
them. The doped sections may thus be used as demodu 
lators to detect information carried by the optical fre 
quencies that flow through them. When a variable for 
ward bias is applied to the doped sections they act as 
amplifiers with variable gain. Accordingly, in this mode 
the doped sections serve as amplitude modulators to 
transmit data at the carrier frequency which flow 
through them when the carrier frequency is received 
unmodulated. Finally, the doped sections can be biased 
with an appropriate amount of electrical energy to pro 
vide some degree of gain to the optical signals flowing 
through them. The level of gain can be adjusted to 
compensate for any transmission loss of the optical 
signal that occurs in the filter. In summary, the active 
sections do not simply serve as switches having only 
two discrete states (e.g., on and off). Rather, the active 
sections serve as analog devices which provide gain as 
a continuous function of a control signal (e.g., an infor 
mation-bearing signal imposed on a carrier frequency). 
The details of creating the above-mentioned active 
sections in a wafer such as the indium phosphide wafer 
10 shown in FIG. 1 are generally known, are not a part 
of this invention, and thus are not described here. 

Referring again to FIG. 1, an output waveguide 161 is 
directed to the input of an optically active section 181, 
an output waveguide 162 is directed to the input of an 
optically active section 182, and so on up to an output 
waveguide 16N directed to the input of an optically 
active section 18N. 
The outputs of the active sections 181, 182, ..., 18N. 

are connected to respective input waveguides 201, 202, 
..., 20N of an output frequency routing device 22. The 
frequency routing device 22 will multiplex single fre 
quencies appearing on the N input waveguides onto a 
single output waveguide 24, if all of the active sections 
between the input router 12 and the output router 22 are 
activated with electrical energy. If only one of the ac 
tive sections is stimulated with electrical energy, then 
only the frequency flowing in that activated section will 
appear on the output waveguide 24. Accordingly, those 
frequency components which have been modulated or 
amplified by the active sections will be multiplexed on 
the output waveguide 24 while those frequency compo 
nents which have been demodulated will not appear on 
the output waveguide 24. Thus, in addition to serving as 
a modulator, demodulator and amplifier, the device 
shown in FIG. 1 acts as an optical filter for the multi 
plexed input frequencies appearing on waveguide 14 
when appropriate active sections are stimulated. Elec 
tronic controllers 261, 262, . . . , 26N are respectively 
provided for the active sections 181, 182, . . . , 18N, 
which selectively apply electrical energy to the active 
sections for selectively modulating, demodulating and 
amplifying predetermined ones of the demultiplexes 
optical frequencies. 
FIG. 2 shows the pertinent details of the routing 

devices 12 and 22 shown in FIG. 1. Both of those de 
vices may have identical configurations. Each fre 
quency routing device contains a plurality of input 
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4 
waveguides 26 connected to a free space region 28. A 
plurality of output waveguides 30 extends from the free 
space region 28 and is connected to an optical grating 
32. The optical grating 32 comprises a plurality of un 
equal length waveguides which provides a predeter 
mined amount of path length difference to a corre 
sponding plurality of input waveguides 34 connected to 
another free space region36. The free space region 36 is 
connected to a plurality of output waveguides 38. These 
frequency routing devices operate as multiplexers and 
demultiplexers of optical frequencies. The details of 
their construction and operation are more fully de 
scribed in the U.S. patents referred to above, the entire 
contents of which are hereby incorporated by reference 
into this application. In the case of the frequency rout 
ing device 12, one of the input waveguides 26 is used as 
the input waveguide 14 of the device shown in FIG. 1 
and the plurality of output waveguides 38 are used as 
the output waveguides 161, 162, ..., 16.N. In the case of 
the frequency routing device 22, the plurality of input 
waveguides 26 are the input waveguides 201, 202, ..., 
20N shown in FIG. 1 and one of the output waveguides 
38 is the output waveguide 24 shown in FIG. 1. 
The device of FIG.1 may be tuned to a large number 

of different optical frequencies used in high speed, high 
capacity optical communications networks. In particu 
lar, these devices are attractive for large size optical 
network applications based on frequency division multi 
plexing. In one particular application, the filter may be 
used in a network having a ring architecture which 
employs time division multiplexing and wavelength 
division multiplexing. Optical signals are generated at a 
terminal office by fixed-tuned lasers, each tuned to one 
of the frequency values demultiplexes by the tunable 
filters of the invention. The optical signals are modu 
lated by an external modulator in series with each laser 
and then multiplexed in the optical fiber by a frequency 
router. The N frequency components provided by the 
laser define N frequency carriers that each carry inter 
leaved time slots of data and cw carrier assigned succes 
sively to those users sharing the same carrier frequency. 
Each channel dropping filter provides connectivity to a 
different set of users sharing the same wavelength. Con 
nectivity (e.g., modulation and demodulation) is 
achieved via an active section of the filter as described 
above. 

I claim: 
1. A tunable optical filter, comprising: 
an input frequency routing device having at least one 

input for receiving a plurality of multiplexed opti 
cal frequencies and producing demultiplexed opti 
cal frequencies; 

an output frequency routing device responsive to the 
input frequency routing device for producing an 
optical output; 

a plurality of pathways coupling the input frequency 
routing device to the output frequency routing 
device each having predeterminable gain control 
for selectively introducing gain to the pathways, 
wherein each of the plurality of pathways includes 
an active section selectively modulating, demodu 
lating and amplifying the predetermined one or 
more of the demultiplexed optical frequencies. 

2. The optical filter of claim 1 wherein each of the 
plurality of pathways comprises a plurality of wave 
guides connecting a plurality of outputs from the input 
frequency routing device to a plurality of inputs of the 
output frequency routing device. 
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3. The optical filter of claim 1, further comprising: 
at least one electronic controller for selectively ap 

plying electrical energy to a predetermined one or 
more of the active sections for selectively modulat 
ing, demodulating and amplifying the predeter- 5 
mined one or more of the plurality of multiplexed 
optical frequencies. 

4. The optical filter of claim 3 further comprising a 
plurality of electronic controllers each coupled to one 
of the active sections. 

5. A tunable integrated optical filter, comprising: 
an input frequency routing device having at least one 

input for receiving a plurality of multiplexed opti 
cal frequencies; and 

an output frequency routing device responsive to the 
input frequency routing device for producing an 
optical output; 

a plurality of pathways coupling the input frequency 
routing device to the output frequency routing 
device each having predeterminable gain control 
for selectively introducing gain to the pathways, 
said input frequency routing device including: 

at least one input waveguide; 
a first free space region coupled to the at least one 

input waveguide; 
a plurality of output waveguides coupled to the first 

free space region; 
an optical grating connected to the plurality of output 
waveguides comprising a plurality of unequal 
length waveguides; 

a plurality of input waveguides connected to the 
optical grating; 

a second free space region coupled to the plurality of 
input waveguides connected to the optical grating; 
and 

a plurality of output waveguides coupled to the sec 
ond free space region. 

6. A tunable integrated optical filter, comprising: 
an input frequency routing device having at least one 

input for receiving a plurality of multiplexed opti 
cal frequencies; and 

an output frequency routing device responsive to the 
input frequency routing device for producing an 
optical output; and 

a plurality of pathways coupling the input frequency 
routing device to the output frequency routing 
device each having predeterminable gain control 
for selectively introducing gain to the pathways, 
wherein said output frequency routing device in 
cludes: 

a plurality of input waveguides; 
a first free space region coupled to the plurality of 

input waveguides; 
a plurality of output waveguides coupled to the first 

free space region; 
an optical grating connected to the plurality of output 
waveguides comprising a plurality of unequal 
length waveguides; 
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6 
a plurality of input waveguides connected to the 

optical grating; 
a second free space region coupled to the plurality of 

input waveguides connected to the optical grating; 
and 

at least one output waveguide coupled to the second 
free space region. 

7. A tunable integrated optical filter, comprising: 
an input frequency routing device having at least one 

input for receiving a plurality of multiplexed opti 
cal frequencies; and 

an output frequency routing device responsive to the 
input frequency routing device for producing an 
optical output; and 

a plurality of pathways coupling the input frequency 
routing device to the output frequency routing 
device each having predeterminable gain control 
for selectively introducing gain to the pathways; at 
least one electronic controller for selectively ap 
plying electrical energy to a predetermined one or 
more of the active sections selectively modulating, 
demodulating and amplifying the predetermined 
one or more of the plurality of multiplexed optical 
frequencies, and wherein said input and output 
frequency routing devices each include: 

a plurality of input waveguides; 
a first free space region coupled to the plurality of 

input waveguides; 
a plurality of output waveguides coupled to the first 

free space region; 
an optical grating connected to the plurality of output 
waveguides comprising a plurality of unequal 
length waveguides; 

a plurality of input waveguides connected to the 
optical grating; 

a second free space region coupled to the plurality of 
input waveguides connected to the optical grating; 
and 

at least one output waveguide coupled to the second 
free space region. 

8. The optical filter of claim 7 wherein each of the 
plurality of output waveguides of the input frequency 
routing device are connected to a respective one of the 
plurality of input waveguides of the output frequency 
routing device by means of one of the active sections. 

9. A tunable integrated optical filter, comprising: 
an input frequency routing device having at least one 

input for receiving a plurality of multiplexed opti 
cal frequencies; 

an output frequency routing device responsive to the 
input frequency routing device for producing an 
optical output; and 

a plurality of pathways coupling the input frequency 
routing device to the output frequency routing 
device each having a selectively activatable trans 
ceiver wherein each of said transceivers comprises 
an optically active section coupled to an electronic 
controller for selectively modulating, demodulat 
ing, and amplifying optical frequencies. 
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